Gauging the impact of recent policy changes, this article analyzes production characteristics and the impact of the dairy assessment for northeastern dairy farmers as compared to other major production regions. Employing a restricted trattslog variable profit function, returns to size, shadow prices, supply elasticities for milk and livestock as well as demand elasticities for concentrate were estimated. Northeastern, just as midwestem farmers, were less responsive in milk supply and concentrate demand, more responsive in livestock production, and less efficient than their Cafifomia and Texas counterparts. The dairy assessment affected profits of northeastern farmers later than those of other regions. Negative shadow prices indicated overinvestment into fixed factors.
Introduction
The past few years have been marked by a definite departure from traditional dairy policies. While previously parity policy and other measures were primarily aimed at sustaining and stabilizing the dairy farmer's income, recent policies are directed at reducing surplus dairy production in light of tremendous and costly oversupply. These policy changes include the dairy assessment, reduced support prices, a marketing assessment, and lately, the herd-buyout program. If effective, these policies will not only reduce milk supply and affect dairy producers but will also affect the agricultural economies of regions highly dependent on milk production. The Northeast is an important dairy production region, producing about 23% of the U.S. milk supply. Since dairy production is so important to the Northeast, an analysis of the impacts of recent policy changes on the dairy production structure of this region as compared to other regions can contribute to an assessment of the present and future competitivenessof Northeast dairy production.
The production structure of the dairy industry has been well researched, with past studies using many conceptual frameworks and methodologies. While such research has been done extensively on the regional or state level (e.g. Grisly and Gitu, Spaulding and Daniels, Hoque and Adelaja, and Elterich and Masud), few have studied regional differences. Recent studies looking at regions include Hammond, Hallberg and Fallert, and Cilley and Blakley. Recently, Dahlgran and Chavas and Klemme analyzed the supply response for the aggregate national dairy industry. This approach ignores the diverse regional characteristics of dairy farms across the nation. Furthermore, none of these studies have analyzed the differential impacts of recent policy changes across regions.
The objectives of the study are as follows:
1.
2.
To analyze the major production characteristics of dairy farmers in the Northeast (New England, New York, Ohio, Pennsylvania) as compared to other dairy production regions.
To evaluate the impact of recent policy changes on the production structure of no;heast&n dairy farms as compared to other dairy production regions.
To achieve these objectives, the following characteristics of production were estimated and analyzed for representative dairy farms in selected regions] of the U.S. for the period 1981-85: returns to size, shadow prices for quasi-fixed factors, short-run elasticities of product supply and factor demand, and a measure of the regional effect of the dairy assessment on the profitability of dairy farms.
Methodology and Data
The regional dairy production in the U.S. can be described by a transformation function The translogarithmic functional form, originally proposed by Halter, Carter, and Hocking, was developed for the dual form by Christensen, Jorgenson, and Lau. This functional form has the advantage that-by the envelope theorem (Beattie and Taylor)-the first derivatives of the profit function (2) with respect to the normalized product and factor prices represent the product supply and input demand share equations. The share equations are linear in the logarithms of normalized prices and quantities of fixed inputs. This linearity makes empirical estimation easier. The input and output share equations derived using Hotelling's Lemma are and Since a cross-partial derivative is invariant with respect to the order of differentiation, symmetry between interaction parameters is imposed. This also reduces the number of parameters to be estimated. To assure linear homogeneity of the profit function, both the profit function (2) and the share equations (3 and 4), were normalized using price of hired labor as the numeraire. When imposing 2 The regions were divided as follows: The Northeast was comprised of the New Englandstates, New York, Pennsylvania and Oldo. The other regions were Upper Midwest-Wkconsin, Corn Belt-Iowa, Appaladrirr-Tenness&, Southwest-Texas, and West-Caliiomia. The Northeast regional dumy was excluded since using all six regional dummies would result into a singular moments matrix. linear homogeneity, the share equation for the numeraire is dropped in the estimation to avoid singularity in the variance-covariance matrix.
The variables included in the profit function are variable profits, milk and livestock output prices,
were obtained using Al = -. -d in Z, Z," variable factor prices for dairy concentrate, roughage, hired labor, and miscellaneous inputs, and the real total expenditures3 for capital and for other quasi-fixed inputs, such as land, family and operator labor, and general farm overhead. These represent the major input costs and output revenues on a specialized dairy farm.4 In addition, six binary variables were incorporated into the model. One binary variable accounted for the introduction of the dairy assessment in 1983, while the other binary variables distinguished the six regions.
The data set consisted of pooled cross-sectional, time-series data derived from the Firm Enterprise Data System (FEDS), a consistently defined data base in-budget form compiled annually by the Economic Research Service/U. S. Department of Agriculture (ERS/USDA). The data set contained information on representative farms for 6 major milk producing regions (20 states) and was available for the time period. This information was aggregated into the nine variables used. The data set, consisting of state budgets, provides information on the unit prices, total revenues and expenditures (Table 1) .
The coefficients of the system of one profit and five share equations were estimated simultaneously using Zellner's Iterative Seemingly Unrelated Regression method. This procedure is equivalent to the maximum likelihood procedure and ensures that the parameter estimates are invariant to the numeraire variable selected (Barten) . The resulting 89 parameters, of which 44 were significant at the .10 level, and the predicted shares were used to calculate elasticities, returns-to-size estimates, shadow prices, and the impact of the dairy assessment policy. The parameters are not reported here but are available in Huy.
The returns-to-size estimates were calculated using the formula:
Shadow prices were estimated for two quasi-fixed factors: capital, consisting of machine~and equipment capital and livestock capital, and an aggregate of land, family and operator labor and general farm overhead. Further, the following elasticities were estimated:
1. The own-price supply elasticity for milk, Eii (7) _dln Yi d in Pi' was estimated using
1.
Eii =~ii "K+spi-l' 2. The cross-price elasticity of supply for live- 3. The elasticity of demand for concentrate feed with respect to the milk price was (9) where SPi and SRi are the shares of profit associated with output i and input k, respectively. The binary variable for the dairy assessment was set to zero for 1981 and 1982 and one for 1983, 1984, and 1985 , the years farmers were subject to the assessment. The derivative of the dairy assessment variable, called 'T,' was taken with respect to variable profits T* to obtain the rate of change in profits given a change in the dairy assessment r*:
The shadow prices, Al, for the fixed factors 21 nomics literature. In a recent summary of the importance of returns-to-size estimates for policy Pwss, Stefanou and Madden also concluded that the best data set to use is the cross-sectional, timeseries data used in this study. The returns-to-size measures presented in Table 2 must be interpreted with respect to the excellent criticisms and comments provided by Stefanou and Madden.
Returns to Size
The returns-to-size estimates for the nine regions were all less than 1.0, indicating that dairy farmers are producing in the decreasing returns-to-size portion of their average cost curves. One could probably conclude that dairy farmers have been overproducing given their respective cost structures in response to past price support policies. In terms of individual regions, dairy farms in the Northeast had similar estimates while Wisconsin had the lowest estimated returns to size, The typically large scale operations in California and Texas had the largest estimated returns to size. Virtually all the regions had increased (i. e., more inefficient) returns-to-size estimates in 1983, the first year of implementation of the dairy assessment act. Despite the assessment's implementation in 1983, dairy producers have not substantially reduced their production levels as indicated by the insignificant changes in returns to size from 1983 to 1985.
Shadow Prices
Regional differences in the production structure of dairy farms can be investigated further through the 
Elasticities
The estimated elasticities illustrate the supply and demand behavior of regional dairy farms. The ownprice supply elasticities for milk ( The demand for concentrate feed tends to be more elastic (-. 56 to -1.0) in the southern and western regions than in the northern parts of the country (-. 25 to -.43). The demand elasticity for hired labor has become less inelastic over the years. The Northeast shows very inelastic responses while demand is somewhat more elastic in the Pacific, Appalachia and Southern regions. The mid-country regions display unexpected positive elasticities due partly to the lesser reliance of hired labor in lieu of family labor on dairy farms, In order to investigate the effect of a change in the milk price on livestock production and its potential effect on the beef market, cross price elasticities for livestock and milk were estimated. The figures in Table 6 indicate that livestock supply is negatively related and fairly responsive to the price of milk and has increased markedly over the years. This increase was particularly pronounced in Ohio and Pennsylvania. In New York and New England, the increase has been less, but nevertheless, by 1985 the supply behavior was nearly elastic. While the development in Wisconsin is similar to that in Pennsylvania, the elasticities in Iowa generally correspond to those in Ohio except for 1985. In Wisconsin and Iowa, the elasticity declined to near the 1981 levels. The development in Tennessee moved in the other direction. generally gear their production to milk only, and as a result, the milk price will have very little effect on the livestock output and, thus, on the beef market in these areas.
An analysis of cross-price elasticities of demand for concentrate feed with respect to the milk price (Table 7) provides some conclusions about the effect of a price support change on the input market. Like the own-price elasticities for milk, the elasticities for the northeastern states are positive and very small (0.01 to O.28), implying a minimal change in concentrate demand in the case of a milk price change. Elasticities for Wisconsin show declining negative values, while the demand for concentrate became less inelastic over time in Iowa. The demand for concentrate in California and Tennessee, on the other hand, is nearly elastic, and in Texas, is very elastic with values up to 1.44 in 1984. Obviously, in these states, a change in the milk price will have a greater effect on the concentrate demand, though the greater diversification of agriculture in these regions will likely soften the impact of such a change.
The Dairy Assessment
The dairy assessment-functioning like an excise tax-was introduced in early 1983 as a $.50 charge on every cwt. of milk sold, thus lowering the actual milk price received by an average of $.48 adjusted for the entire year. The objective was to reduce milk output and the cost of maintaining the surplus dairy production. In the following years, the assessment was continued after several court challenges. In 1984, $.50 was charged per cwt. sold, The levy was continued into 1985, which is reflected in the data as an adjusted annual per cwt. payment of $,13. The estimates with regard to the dairy assessment (Table 8 ) capture the effect of this policy measure on the variable profits of dairy farmers. The assessment apparently had a lagged effect, Its full impact lagged most in the Northeast, where profits were negatively affected in all states by 1985. This finding corresponds to the development in Wisconsin and Iowa, two other traditional dairy states. In Tennessee, the negative impact was felt immediately in 1983, and continued into 1985. For California and Texas, a negative impact of the assessment can be observed by 1984. In 1985, variable profits were reduced at a rate of 109o(Texas) and 1270 (California), which is only a little higher than the results for the northeastern states (between 8% and 10%), but considerably more than in Wisconsin (6%) and Iowa (2$%0), 
Summary and Implications
This study examined structural aspects of dairy production for the major milk-producing regions of the United States. For each region, various price elasticities for milk, livestock, and dairy concentrate, and shadow prices for two aggregated fixed factors were estimated and analyzed for 1981-85. In addition, returns-to-size estimates were obtained to compare the relative economic efficiency among regions. Since government policies were considered to have had an influence on regional disparities, the regional effect of the dairy assessment was estimated. A profit function approach based on duality theory was chosen, given the data base and the purpose and assumptions of the study. The data set consisted of pooled cross-sectional, time-series data containing budget information on representativedairy farms for twenty regions from 1981-85. A restricted dual output, translog variable profit function was formulated that incorporated nine variables and six binary variables to distinguish among six regions and to account for the dairy assessment. The system of one profit function and five share equations was estimated using Zellner's Iterative Seemingly Unrelated Regression method.
Return-to-size estimates indicate that northeastern dairy farmers have been overproducing and operating less efficiently than farmers in California or Texas, but relatively more efficiently than farmers in Wisconsin. Over the study period, the improvement in efficiency was less in the northeastern states (except New York) than in other major milk producing states. In addition, predominantly negative shadow prices for the fixed factors indicate that farmers in all northeastern states have been overinvesting.
Generally, the northeastern farmers were very unresponsive to milk price changes as far as their milk output and their demand for concentrate feed was concerned. This behavior was significantly different from the response pattern shown by farmers in California and Texas, where the own-price elasticities for milk averaged around 0.7, and the cross-price demand elasticity for concentrate in California was generally more elastic reflecting the availability of other income-producing alternatives. The livestock production in dairy farms in the Northeast was negatively related and relatively more responsive to milk price changes. This responsiveness has increased over the years (between 0.25 and 0.42) and has become even elastic in 1985 in Pennsylvania and Ohio. The degree of responsiveness in Ohio and Pennsylvania was similar to that of Wisconsin while the response pattern in New York and New England corresponds more closely to that in Iowa. In contrast, the livestock production in California and Texas was generally very inelastic with respect to milk price changes. Hence, the major impact of milk price changes on the cattle market can be expected in the traditional milk producing regions, while the input market for concentrate would be affected the most in California and Texas.
The dairy assessment program affected the northeastern states, Iowa, and Wisconsin similarly, with a lag of about two years. Texas and Californian producers were affected sooner (after about one year), but in 1985, the negative impact of the assessment was experienced in all regions.
The generally inelastic response of milk supply and concentrate demand to milk price changes in the Northeast can partly be explained by the limited availability of profitable alternatives. This circumstance emphasizes the importance of the future of dairy farming to the Northeast as a whole.
The analysis of the differing regional impact of the dairy assessment highlighted the importance of a regional perspective not only for researchers, but also for policy makers. It was obvious that a federal policy measure had significantly different effects on different regions. Since dairy farming plays an important role in the rural economies of some regions, its decline or prosperity will have substantial multiplier effects and economic as well as social consequences for these regions. In other regions, where dairy farming is less essential for the regional economy since more alternative exists, its survival might not be of such a general economic importance. These differences should be acknowledged. Such an acknowledgment suggests that it might be more appropriate to differentiate regional approaches to address and account for regional disparities instead of a uniform federal approach.
Policy measures should therefore be carefully assessed with regard to their regional impact before their implementation. In this context, the low returns to size and the minimal improvement in efficiency despite the policy change has to be considered in future policy formulations. Production and economic efficiency needs to improve if the dairy industry in the Northeast is to survive in the long nm.
